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REVIEW OF PHASE I AND I1 ACCOMPLISHMENTS 

Phase I 

Phase I: of the contract called for the design and develop- 
ment of microe ectronic circuits for stabilization of a 
gas bearing gyro servo loop. During this phase a number 
of plausible designs for each stage of a microelectronic 
servo amplifier were investigated. Extensive evaluation 
testing enabled a selection of the design configurations 
best suited for the performance and miniaturization 
requirements specified. When circuit module breadboarding 
and testing were completed, closed loop system testing 
was performed. A recommended overall amplifier design 
was presented in MT-8161. The stress levels of the 
microelectronic servo loop components under worst case 
conditions were calculated and submitted in MT-8163. 
A worst case thermal analysis was conducted on the preamp 
active network, and PWM modules. The results were 
introduced in MT-$164. Further examination of circuit 
operation resulted in revisions of the overall amplifier 
design in an effort to improve performance. MT-8166 was 
written to describe these design revisions. MT-8168 
was presented upon completion of a fai-lure effect and 
reliability analysis on the microelectronic servo amplifier. 
Toward the conclusion of Phase I concept definition of 
the servo amplifier was manifested in a formal breadboard 
circuit which was thoroughly evaluated and shipped to 
NASA per contract instructions. MT-8170 provided a 
description of the characteristics and operation of the 
microelectronic servo amplifier breadboard and MT-8179 
served to document the overall performance characteristics 
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the servo amplifier. 

Phase I1 

Phase I1 contract requirements essentially were-: to 
fabricate, test, and institute final design corrections 
on Phase I circuitry, and to complete and deliver six 
operating servo loop electronics to the Marshall Space 
Flight Center. During the period of performance of Phase 
11, eight (8) preamp and detector modules eight (8) 
low pass filter and stabilizing network modules, and 
eight (8) dual channel pulse width modulator modules were 
constructed and tested. Each of six (6) sets of these 
prototype units was assembled onto a motherboard (supple- 
mented with a power supply module), tested as a complete 
servo amplifier, and shipped to MSFC. Another set of 
modules was potted, assembled on a motherboard, and 
subjected to a temperature and humidity environmental 
test program. The three modules of the remaining set 
were potted and individually subjected to acceleration, 
vibration, and shock environmental testing. 

An outline of the evaluation and environmental test 
procedures for the microelectronic servo amplifier proto- 
type modules was presented in MT-8172. The specific 
evaluation test procedures for the preamp and detector, 
low pass filter and stabilizing network, and PWbl modules 
followed in MT's 8173 8174 and 8175 respectively. MT-8176 
covered the evaluation test procedure for the overall 
amplifier . 
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As evaluation testing on the prototype modules and 
amplifiers progressed, several problems were encountered 
and minor design corrections were made. MT-8180 updated 
the microelectronic servo amplifier schematic and evalua- 
tion test procedures prior to shipment of the first 
amplifier . Material, describing certain problem areas 
and possible component and circuitry improvements, was 
incorporated into MT's 8177 and 8240. Progress reports 
No. 6 thru No. 19 provided a running account of all the 
problems and developments that occurred during Phase 11. 

Included in the test program of prototype units was 
environmental testing. Reports on the mechanical environ- 
mental tests that were performed on the potted preamp 
and detector. low pass filter and stabilizing network, 
and PWM modules were presented in MT's 8241, 8242, and 
8243 respectively. MT-8244 documented the extreme 
temperature and humidity environmental tests run on a 1 
potted prototype amplifier assembly. 

A complete listing of all MT's generated under Phase I 
and Phase 11 follows. 
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Investigation of the Transformer Coupled 
Preamplifier and Detec2or in Conjunction with 
NASA Contract NAS 8-11916 

Additional Investigation on the Transformer 
Coupled Preamplifier, Detectdm And Filter . 

Configuration Previously Described in MT-8152 

Investigation of the Microeaectronic Servo 
Loop Demodulator Section in Conjunction with 
NASA Contract NAS 8-11916 

Investigation of the Dual Channel Pulse Width 
Modulator in Conjunction with NASA Contract 
NAS 8-11916 

Investigation of the Stabilizing Network for 
the Microelectronic Servo Loop in Conjunction 
with NASA Contract NAS 8-11916 

Recommended Overall Amplifier Design in 
Conjunction with NASA Contract NAS 8-11916 

Investigation of Dead Zone in Dual-Channel 
Pulse-W id th Modulator 

AUTHOR 

V. Kiltenis 

A. Esser 

A. Esser 

A. Esser 

A .  Esser 

A. Esser 

A. Esser 

A. Esser 
R. Weiss 

R. Weiss 
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S t r e s s  Analys is  of t h e  M i c r o e l e c t r o n i c  
Servo Loop i n  Conjunct ion w i t h  NASA C o n t r a c t  
NAS 8-11916 

.. . . 

AUTHOR 

A .  Esser 

Thermal A n a l y s i s  of t h e  M i c r o e l e c t r o n i c  Servo A .  E s s e r  
Loop i n  Conjunct ion  w i t h  NASA Con t rac t  NAS 8-11916 

Add i t iona l  I n v e s t i g a t i o n  of t h e  S t a b i l i z i n g  A .  E s s e r  
Networks f o r  t h e  M i c r o e l e c t r o n i c  Servo Loop 
i n  Conjunct ion  w i t h  NASA Con t rac t  NAS 8-11916 

Revis ions:  of t h e  O v e r a l l  M i c r o e l e c t r o n i c  Servo A .  E s s e r  
Ampl i f ie r  Design P rev ious ly  Descr ibed i n  MT-8161 

A d d i t i o n a l  I n v e s t i g a t i o n  of t h e  Dual Channel A .  Esser 
Pulse Width Modulator P r e v i o u s l y  Descr ibed 
I n  MT-8157 

F a i l u r e  E f f e c t  and R e l i a b i l i t y  Ana lys i s  Micro- W .  Podolak 
e l e c t r o n i c s  Servo Loop Developed on C o n t r a c t  
NAS 8-11916 

I n v e s t i g a t i o n  of t h e  Opera t ion  of  a High 
E f f i c i e n c y  DC t o  DC Conver te r  - C o n v e r t e r  
Type Power Supply i n  Conjunct ion  w i t h  NASA 
Con t rac t  NAS 8-11916 

I .  S o l l e r  

D e s c r i p t i o n  and Opera t ion  o f  M i c r o e l e c t r o n i c  A .  Esser 
Servo Ampl i f i e r  Breadboard i n  Conjunct ion w i t h  
NASA Con t rac t  NAS 8-11916 
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8171 Description and Test Evaluation of a DC to DC S .  Weinstein 
Converter Having Multiple Isolated Outputs in 
Conjunction with NASA Contract NAS, 8-11916 

8172 An Outline of the Evaluation and Environnental A. Esser 
Test Procedures for the Microelectronic Servo 

' Amplifier Prototypes Developed Under NASA Contract 
NAS 8-11916 

8173 Test Procedure for Microelectroniq Preamp and A. Esser 
Detector Module in Conjunction with NASA 
Contract NAS 8-11916 

8174 Evaluation Test Procedure for Microelectronic B. Osterloh 
Low Pass Filter and SWbilizing Network Proto- 
type Modules in Conjunction with NASA Contract 
NAS 8-11916 

8175 Test Procedure for Microelectronic Pulse A. Esser 
Width Modulator Module in Conjunction with 
NASA Contract NAS 8-11916 

8176 Test Procedure for Overall Microelectronics A .  Esser 
Servo Amplifier in Conjunction with NASA 
Contract NAS 8-11916 

8177 A Description of Certain Problem Areas and A. Esser 
Some Possible Improvement on the Microelectronic 
Servo Amplifier in Conjunction with NAS 
Contract MAS 8-11916 

8179 Microelectronic Servo Amplifier Performance R. Weiss 
Characteristics (NASA Contract NAS 8-11916) 
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MT - TITLE AUTHOR 

8180 Updating for Microelectronic Servo Amplifier B. Osterloh 
Schematic and Evaluation Test Procedures Prior 
To Shipment of the First Microelectronic Servo 
Amplifier Prototype in Conjunction with NASA 
Contract NAS 8-11916 

8240 Discussion of Possible Components and Circuitry A. Esser 
Improvements for Microelectronic Servo Loops 
Developed under NASA Contract NAS 8-11916 

8241 Mechanical Environmental Tests on a Potted B. Osterloh 
Preamp and Detector Prototype Module in W. Gorczycki 
Accordance with NASA Contract NAS 8-11916 

8242 Mechanical Environmental Tests on a Potted B. Osterloh 
Low Pass Filter and Stabilizing Network Proto- 
type Module in Accordance with NASA Contract 
NAS 8-11916 

8243 Mechanical Environmental Tests on a Potted B. Osterloh 
Dual Channel Pulse Width Modulator Proto- W. Gorczycki 
type Module in Accordance with NASA Contract 
NAS 8-11916 

8244 Temperature and Humidity Environmental Tests B. Osterloh 
on a Potted Microelectronic Servo Amplifier W. Gorczycki 
Prototype Assembly in Accordance with NASA 
Contract NAS 8-11916 
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PHASE I11 CONCLUSIONS AND RECOMMENDATIONS 

As a result of the program of evaluation and testing 
carried out under Phase 111 of NASA Contract NAS 8-11916, 
it can be concluded that the servo amplifier design is 
capable of performing its intended task. There are, 
however, certain recommendations which should be con- 
sidered in an attempt to further improve the reliability 
and performance of the circuitry. The recommendation which 
contains the greatest impact on reliability is concerned 
with the custom integrated circuits used in’the Pulse 
Width Modulated DC amplifier. These monolithic integrated 
circuits have been found defective on several instances, 
due entirely to improper quality assurance and inspection 
provisions at the vendor. It is therefore recommended 
that before additional units be purchased, a comprehensive 
and detailed purchase specification outlining quality 
and inspection criteria, along with complete electrical 
specifications, be generated. 

It is also recommended that additional investigation of 
the triangle wave generator be undertaken to improve 
triangle wave linearity when used in low gain applications 
as suggested in MT-8254. 

Another areacthat should be further studies is the unity 
gain operational amplifier used in the preamp. It has 
been found that in the event of a loss  of the positive 
supply voltage this amplifier is exposed to the possibility 
of exceeding the common mode imput rating, which in turn 
causes a degradation in amplifier performance or even 
failure. It is recommended that diodes be incorporated 
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i n  t h e  input  to  prec lude  t h e  p o s s i b i l i t y  of a fai lure of 
t h i s  t y p e ,  or t h a t  a o p e r a t i o n a l  a m p l i f i e r  incorporat ing  
input  p r o t e c t i o n  and a much greater d i f f e r e n t i a l  i n p u t ,  
such  a s  tb  LM101, be used  to r e p l a c e  t h e  pA709 p r e s e n t l y  
u s e d .  
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The purpose of Phase I11 of NASA c o n t r a c t  NAS 8-11916 
has  been t o  b u i l d ,  tes t ,  and e v a l u a t e  a s e r v o  a m p l i f i e r  
des igned  f o r  t h e  s t a b i l i z a t i o n  of a G a s  Bearing Gyro 

Servo Loop. The c i r c u i t  con ta ined  i n  t h i s  s e r v o  a m p l i f i e r  
have been des igned  u s i n g  microelectronic components where- 
e v e r  feasible i n  an e f f o r t  t o  realize g r e a t e r  r e l i a b i l i t y  

a l o n g  w i t h  volume and w e i g h t  s a v i n g s .  

T h i s  r e p o r t  c o n t a i n s  a review of  the work c a r r i e d  o u t  under  
t h i s  c o n t r a c t .  A l s o  con ta ined  is a d e s c r i p t i o n  of t h e  

c o n s t i t u a n t  c i r c u i t s  con ta ined  i n  t h e  s e r v o  a m p l i f i e r .  
A l l  test data and e v a l u a t i o n  is con ta ined  i n  MT f o r m .  
Copies  of t h e  p e r t i n e n t  MT's are inc luded  w i t h  t h i s  r e p o r t .  
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1 .o  REVIEW OF PHASE I11 CIRCUITS 

1.1 PREAMPLIFIER AND DETECTOR 

The  preamplif ier  c o n f i g u r a t i o n  e v a l u a t e d  under  Phase I11  

is shown below. T h i s  c i r c u i t  d i f f e r s  from t h e  preamp 
c i r c u i t s  of Phase I and Phase I 1  p r i m a r i l y  because o f  t h e  
u s e  of d i f f e r e n t i a l  i n p u t  and o u t p u t .  S ince  a s a t i s f a c t o r y  
o p e r a t i o n a l  a m p l i f i e r  u t i l i z i n g  d i f f e r e n t i a l  i n p u t  and 
o u t p u t  modes w a s  n o t  a v a i l a b l e  when e v a l u a t i o n  began, 
i t  w a s  necessa ry  t o  u s e  t w o  pA709 d e v i c e s  t o  accomplish 
t h e  des i red  d i f f e r e n t i a l  mode o p e r a t i o n .  The detector 
e v a l u a t e d  under  Phase I11 u s e s  i n t e g r a t e d  choppers  t o  
ach ieve  demodulat ion.  

T e s t  data for t h e  Preamp and Detector c i r c u i t  is p r e s e n t e d  
i n  MT-8249, and from these r e s u l t s  i t  has been concluded 
t h a t  t h e  c i r c u i t r y  p r e s e n t e d  below w i l l  s a t i s f a c t o r i l y  
perform its entended  f u n c t i o n  i n  l o o p  o p e r a t i o n .  
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1 . 2  LOW PASS FILTER 

The low pass f i l t e r ,  shown below, has  been changed from t h e  

p a s s i v e  c o n f i g u r a t i o n  of Phase I and II t o  an a c t i v e  d e s i g n .  
T h i s  c i r c u i t  is d e s c r i b e d  i n  MT-8252. 

c9 

I 
.I .--..”.-..? 

- 1.3 STABILIZING NETWORKS - 
The a c t i v e  network d e s i g n  s h w n  i n  F i g u r e  g e n e r a t e s  
t h e  fo l lowing  t r a n s f e r  f u n c t i o n .  

-6 2 -2 2 (37x10 s + 4 8 . 8 ~ 1 0 - ~ s  + 1) ( 1 . 3 4 5 ~ 1 0  s -t 1 1 9 . 3 ~ 1 0 ~ ~  s + 1) 
( 1 1 7 ~ 1 0 - ~ s )  ( 1 9 . 3 ~ 1 0  -8 s 2 + 4 . 1 7 ~ 1 0 - ~ s  + 1) ( 2 0 . 7 ~ 1 0 - ~ s  + 1 )  
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The d i f f e r z n c e  i n  the  form of t h e  t r a n s f e r  fu i i c t ion  of t h e  

a c t i v e  network used  i n  Phase I11 from t h e  form of Phases  
I and I1 is due t o  t h e  a d d i t i o n  of a series feedback cap- 
ac i tor .  A s  can  be seen  from t h e  t r a n s f e r  f u n c t i o n  for 
Phase 111, t h i s  feedback c a p a c i t o r  theore t ica l ly  g i v e s  
i n f i n i t e  d . c .  g a i n ,  which  i n  t u r n  can  be i n t e r p r e t e d  as 
theoretical i n f i n i t e  d .c .  s t i f f n e s s .  A d e t a i l e d  d e s c r i p t i o n  
of t h e  S t a b i l i z i n g  Networks can be found i n  MT's 8247 
and 8250. 

1 .4  PWM POWER AMPLIFIER 

Although t h e  power a m p l i f i e r s  used i n  Phases X and 13: of 
NAS 8-11916 w e r e  a l so  p u l s e  w i d t h  modulated,  the power 
a m p l i f i e r  e v a l u a t e d  under  Phase I11 i r  s t p i k i n g l y  d i f f e r e n t .  
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The d e s i g n  phi losophy on a l l  p rev ious  PWM e f f o r t s  had 
been t o  u t i l i z e  s t a n d a r d  m i c r o e l e c t r o n i c  d e v i c e s  i n  an  
e f f o r t  t o  a c h i e v e  g r e a t e r  r e l i a b i l i t y  and s a v i n g s  i n  
w e i g h t  and space. The phi losophy used i n  Phase I11 

a s  t o  a t t empt  t o  i n t e g r a t e ,  u s i n g  custom integrated c i r c u i t s  
as  much as  p o s s i b l e ,  a discrete  component P W M  d e s i g n .  
In  o r d e r  t o  implement t h e  discrete component d e s i g n  shown 
i n  F igu re  4 i n  i n t e g r a t e d  m o n o l i t h i c  f o r m ,  a breadboard type 
i n t e g r a t e d  c i r c u i t  w a s  employed. T h i s  p a r t i c u l a r  I . C .  

is a d e v i c e  comprised of s i x  NPN t r a n s i s t o r s  and 33 
resistors. Contac t  pads f o r  a l l  of t h e  components are 
provided on t h e  c h i p  and by custom i n t e r c o n n e c t i o n  of 

t h e  d e v i c e s ,  c i r c u i t  f u n c t i o n s  can  be f a b r i c a t e d .  An 
impor tan t  aspect of t h i s  d e v i c e  which  p e r m i t s  a d e s i g n  t o  
be conve r t ed  q u i t e  e a s i l y  from discrete form t o  i n t e g r a t e d  
is t h e  fac t  t h a t  d ie lectr ic  i s o l a t i o n  2s employed t o  
s e p a r a t e  each of t h e  a c t i v e  d e v i c e s  f r o m  any o t h e r ,  and 
t o  i s o l a t e  t h e  resistor a r r a y .  T h i s  process g r e a t l y  
r educes  t h e  p a r a s i t i c s  and hidden components u s u a l l y  
associated w i t h  m o n o l i t h i c  integrated c i r c u i t s .  F igu re  
5 shows t h e  c i r c u i t  e l emen t s  a v a i l a b l e  on c h i p  and a l so  
t h e  connec t ion  pad l a y o u t .  F igu re  6 shows t h e  d i e  
i n t e r c o n n e c t i o n  p a t t e r n s  gene ra t ed  t o  ach ieve  t h e  PWM 
c o n f i g u r a t i o n  shown i n  F igu re  7. The f i v e  c h i p s  t h u s  
produced r e p r e s e n t  f o u r  d i f f e r e n t  c i r c u i t  areas i n  t h e  

discrete component d e s i g n .  T h e  f o u r  c i r c u i t s  i n t e g r a t e d  
are shown i n  F i g u r e  8 t o  11. 
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A f t e r  t he  c i r c u i t  c o n f i g u r a t i o n  f o r  t he  f o u r  t y p e s  of 
c h i p s  were found sa t i s f ac to ry ,  c h i p s  w i t h  custom metall iza- 
t i o n  w e r e  made up  t o  r e p l a c e  t h e  u l t r a s o n i c a l l y  bonded 

w i r e  i n t e r c o n n e c t s .  I t  w a s  dec ided  t o  perform a l l  c i r c u i t  
t e s t i n g  and e v a l u a t i o n  w i t h  t h e  m e t a l l i z e d . v e r s i o n s .  The 

c i r c u i t  c o n f i g u r a t i o n  of F igu re  12  u s e s  t h e  m e t a l l i z e d  
c h i p s  namely t h e  VI-1101, VI-1102, VI-1103, and VI-1104 
made by Vec to r ,  D i v i s i o n  of U n i t e d  Ai rcraf t .  MT-8254 
d e a l s  w i t h  t h e  PIW c i r c u i t  shown i n  F igu re  1 2  b u i l t  t o  
t h e  assembly  drawing of F igu re  13. The r e s u l t s  of t h e  

t e s t i n g  program c a r r i e d  o u t  on t h e  PWM c i r c u i t  show t h a t  

t h e  c i r c u i t r y  is w e l l  s u i t e d  t o  perform i ts  in t ended  loop  
f u n c t i o n s .  

_. _--- 

_ -  

5.1 PWM CHIPS 

I n  a d d i t i o n  t o  t h e  5 m e t a l l i z e d  c h i p s  r e c e i v e d  under. 
NAS 8-11916 f o r  PWM e v a l u a t i o n  more i d e n t i c a l  d e v i c e s  
were r e c e i v e d  from t h e  vendor .  O f  t h e  d e v i c e s  tested three 

f a i l u r e s  were encountered  t h a t  w e r e  d i r e c t l y  a t t r i b u t a b l e  
t o  improper manufac tur ing  and t e s t i n g  sho r t  comings.  
These three f a i l u r e s  are documented i n  M T ' s  8253 and 8255. 
Table  1 is a breakdown of t h e  f a i l u r e s  encountered  from 
a l l  c a u s e s .  Meetings w i t h  t h e  vendor a t  h i s  f a c i l i t y ,  
po in t ed  o u t  t h a t  these d e v i c e s  w e r e  manufactured a s  en'gineer- 

- . *  

i e g  p r o t o t y p e  u n i t s ,  and as such  w e r e  not  s u b j e c t  t o  t h e  

normal q u a l i t y  a s s u r a n c e  and r e l i a b i l i t y  s c r e e n i n g  p rocedures .  
,V i sua l  i n s p e c t i o n  w a s  minimal i f  a t  all, and t h e  on ly  
t e s t i n g  performed w a s  d . c .  r e s i s t a n c e  measurement a t  t h e  

case p i n s .  I n  o r d e r  t o  r e d u c e - t h e  number of f a i l u r e s  of 
t h e  type  referenced i n  t h e  aforementioned MT's,  i t  is 
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F a i l e d  kie to  F a i l e d  Due to 
Device Type N o .  Received N o .  OK O v e r s t r e s s  Manufacture 

VI-1101 6 
VI-1102 6 
VI-1103 3 

VI-1104 12 

4 1 
4 0 

2 1 

10 2 

TABLE 1 
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sugges t ed  t h a t  arrangements  be made t o  gua ran tee  close 
v i s u a l  i n s p e c t i o n  of a l l  d e v i c e s ,  a long  w i t h  p rocess  
c o n t r o l  and dynamic e lec t r ica l  t e s t i n g .  

1.5 OVERALL SERVO AMPLIFIER 

The o v e r a l l  s e r v o  a m p l i f i e r  shown i n  F i g u r e  14 and 15 is 

p r e s e n t l y  be ing  c o n s t r u c t e d .  F igu re  16 s h o w s  t h e  

assembly drawing ,  T h i s  s e r v o  a m p l i f i e r  u s e s  t h e  c i r c u i t s  
p r e v i o u s l y  descr ibed i n  t h i s  repor t .  When test and 
e v a l u a t i o n  d a t a  becomes a v a i l a b l e ,  i t  w i l l  be forwarded 

i n  MT f o r m .  
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SCOPE 

The purpose of t h i s  repor t  i s  t o  present a descr ipt ion of the  

1.0 - 

frequency cha rac t e r i s t i c s  of t he  s t a b i l i z i n g  networks fo r  the  

Saturn Microelectronics Phase 111. 

20 0 CIRCUIT CONFIGURATION 

Presented i n  Figure 1 is t he  schematic of the  s t a b i l i z i n g  network. 

T h i s  schematic was obtained from N.A.S.A., M.S.F.C., and has 

undergone no modification at t h i s  time. However, the diodes i n  

the  input and feedback networks have been omitted f o r  t h i s  

analysf  8 0. 

30Q CIRCUIT ANALYSIS 

The input network is a standard form and its t r ans fe r  impedance 

where : 

A['" !f1T2S + TIS + 1 ] 
A = ;?R1 

T1 = R2C1 + 2R1C2 

T2 = R1(R1 + 2R2)C1C2 

R2C1 + 3 c 2  



Issue: Original  

Date: 9 June 1967 

MT-8247 

Page 2 

The feedback network is not ,  however, a standard form and i t  

is  therefore  necessary t o  des i re  it.. The feedback c i r c u i t  is 

shown again i n  Figure 2 and r e f e r r i n g  t o  t h a t  diagram, the  follow- 

ing  equation hold if it i s  assumed t h a t  eo = 0 since it is  

terminated at the input  t o  a operat ional  amplifier,  

i4 = ei (R + 1/C S) 

IR + l/C S)(R1) + R B + l/C S + R,] 3 3 2( 3 3 

i = e C S + ei (R + l /C  S) o i i  
(R + i/c s)(R~) + x R + i/c3s + 51 3 3 2( 3 

ei - =  3 1  
io R R C S + R:CIS/C S3+ 2 R C3S + Z 2 C i S / C  S + RlZ2ClS + R '+ l / C  S 

R R + RIP S + Z2R + Z d C  S + R1Z2 

1 3 1  3 2 3 1  3 3 3 
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R2 = R1 P R  

*i 

io 

R3B + R/C3S + RR3 + R3/C2S + R/C3S + 1/CzC3S2 + R2 + R/C2S 

PZR C S + 2 R  '1 + '1 (R + l/O S + R )  + R2C1S + R + 1/C S 
- =  

3 3 3 3 - -  
c3 c2 

3 1  

Combining terms and simplifying 

2 R e 2 R  (R3C2C3S + C2S + - 2 2  C C3S2) + (C3S (R + R )  + 1) 
2 - - -  0 

ii S(C2+ C1) [S ( 2 R  + R )  RC3 3 

c2 c + c l =  2 i f  c2>>c, 

e 
0 --a 

C2Cs(2RR3+ R 2 2  >S + l(2RC2) + (R3+ R ) C 3 1  S + 1 

ii Z2L(2BRJ+ R2)(C3C1)S2 + i ( R J +  R)(C C ) + 2RC1 + R 3 C 3 3  S + 13 
,lz 

As a proof of the va l id i ty  of the  above t ransfer  impedance, it is  

only necessary t o  l e t  C 

approaches zero and the t r ans fe r  function should be the same form 

as the  function of the input networks. 

t ransfer  impedance will be considered valid,  

approach i n f i n i t y  such tha t  its impedance 2 

This is  the case and eo the  
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4.0 FREQUENCY RESPONSE 

Using the t r a n s f e r  functions of the input  and feedback networks, 

an overa l l  t r ans fe r  function f o r  the s t a b i l i z i n g  networks can be 

obtainedo Subs t i tu t ing  element values the  t r ans fe r  function is 

( j 7 X l O  -6 S 2 + 48,8xloo4S + 1) ( 1.345X10 -2 S 2 + llg.3XlOo2 S + 1) 

( 11~X10°2S)(19.3X1008 S2 + 4.17X10°4 S + l.)(20.7X1012 S + 1 ) 

It is i n t e r e s t i n g  t o  a l s o  look at the  t r ans fe r  function of the  

s t a b i l i z i n g  networks without the series capaci tor  C i n  the feed- 

back path. 

2 

This t r ans fe r  function is, 

Tables 1 and 2 contain theo re t i ca l  da ta  f o r  the  frequency response 

of the networks w i t h  and without the series C 

response is shown i n  Figures 3 and 40 

capacitor. Graphical 2 

5.0 CONCLUSION 

From the  theo re t i ca l  frequency response data i t  can be seen t h a t  

t he  addi t ion of a s e r g e 6  capaci tor  i n  the  d.c. feedback path gives  

a great increase i n  doc, gain, ( t heo re t i ca l ly  i n f i n i t e ) .  T h i s  

i n  t u rn  is equal t o  an i n f i n i t e  s t i f f n e s s  a t  d.c. 

network gain is not  p r a c t i c a l l y  possible  and the maximum gain t o  

be rea l ized ,  assuming zero leakage through the  capaci tor  at  d.c. 

This tremendous 
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is limited to  the open loop gain of the operational amplifier 

being used (typically 45,000 far a pA7-1. 

seen from the theoretical data that th i s  capacitor only exerts a 

noticeable influence on *he circuit  at d.c. and very low frequencies. 

At. a later date experimental. data w i l l  be presented and correlated 

to  th i s  theoretical data. 

It can also be readily 
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ABSTRACT 

This repor t  contains test  r e s u l t s  obtained on a breadboard 

model of the Preamp and Detector c i r c u i t r y  of the P.W.M. servo 

loop i n  conjunction with NAS 8-11916. 

1,o INTRODUCTION 

Testing W a s  performed on t h i s  c i r c u i t r y  t o  permit evaluation of 

this revised Preamp-Detector configuration as required by 

NAS 8-11.916, Phase 111.. 

2,c CONCLUSION 

From the t e s t ing  performed i t  can be concluded t h a t  the revised 

&A. ~yLtmiip ~ Detector c i r c u i t r y  i s  well su i ted  fo r  i ts intended operation 

i i z  the  microelectronic servo loop. 

j ,u SUMMARY OF RESULTS 

3.1 Quiescent Current 

Results of t h i s  test are presented i n  Table 1. 

3*2  A.C. and D.C. Null 

This data  is presented i n  Table 2, 
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3 -4 Frequency Response 

Frequency Response data  is shown i n  Table 4. 

3*5 Decoupling 

Decoupling data i s  presented i n  Table 5. 

4cO TESTING 

4.1 Circui t  Diamam 

All t e s t i n g  was car r ied  out on a breadboard model of the c i r c u i t  

shown i n  Figure 2. 

4.2 Test Conditions 

The Quiescent Current, AC and DC Null, and AC Gain and Linearity 

t e s t s  were performed at 25OC and 70°C. 

performed only a t  25OC. 

All other tes ts  were 
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ABSTRACT 

Contained i n  the document are the resu l t s  of the t e s t i n g  car r ied  

out on the ac t ive  networks of the  microelectronic servo loop 

i n  conjunction wi th  Phase I11 of contract  NAS 8-11916. Also 

included i s  a comparison of the frequency response of the 

network with t h e o r e t i c a l  predictions,  

- 

1.0 INTRODUCTION 

The t e s t i n g  and evaluation of t h i s  c i r c u i t r y  was car r ied  out as 

per  c o n t r a c t i a l  requirements t o  ascer ta in  the  a b i l i t y  of the 

proposed networks t o  meet the t h e o r e t i c a l  requirements imposed 

upon it  by design. It was a lso  intended t o  bring t o  light any 

exis t ing  problem areas  and t o  assure compatability with servo 

requirements, 

2.0 CONCLUSIONS AND RECOMMENDATIONS 

As a resu l t  of the t e s t i n g  and evaluation performed it can be 

concluded t h a t  the a c t i v e  network i n  question is capable of 

performing its assigned t a s k  i n  the  microelectronic servo loop,. 

The t e s t  da ta  shows close agreement with the t h e o r e t i c a l l y  

derived response requirements and the temperature t e s t i n g  could 

not show up and discrepancies i n  c i r c u i t  performance. 
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3.0 SUMMARY OF RESULTS 

Test and theo re t i ca l  comparison da ta  fo r  the c i r c u i t  of Fig. 1 

with the 39pf capaci tor  shorted t o  f a c i l i t a t e  t e s t i n g  i s  presented 

i n  Table 1 through 6. 

4.0 TEST CONDITIONS 

A l l  t e s t i n g  ca r r i ed  out on the ac t ive  networks was done with the 

39pf capaci tor  bypassed by connecting the  aux i l i a ry  point  shown 

i n  Fig, 1 t o  the  output terminal. This was necessi ta ted by the  

f a c t  t h a t  the  charge s tored by the capaci tor  and the  leakage 

associated with t h i s  element prohib i t  va l id  t e s t i n g  open loop 

with the capacitor.  
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ABSTRACT 

This r e p o ~ t ,  contains t e s t  r e s u l t s  obtained on a breadboard model of the Active 

F i l t e r .  

Preamp.De.te=tor Active F i l t e r  and Stab i l iz ing  Networks configuration. 

Also presented a r e  preliminary r e s u l t s  of t e s t i n g  car r ied  out on a 

i , O  INTRODUCTION 

T e s t k g  was carr ied out on these c i r c u i t s  t o  permit evaluation 

as zequired by NAS 8-11916, Phase 111, and t o  point out any short- 

comings i n  the c i r c u i t  performance, 

CONCLUSION 

As a r e s u l t  of the t e s t i n g  described i n  t h i s  repor t  as well as 

t h a t  presented i n  MT's 8249 and 8250 it is reasonable t o  conclude 

t h a t  the loop c i r c u i t r y  including Preamp, Detector, Active Fi l ter  

arxi S tab i l iz ing  Networks i s  well su i ted  t o  perform its intended 

f m c t i o n  i n  a microelectronic servo loop. 

- 200 

3.0 SUMMARY OF RESULTS 

3.1 Active F i l t e r  

A l l  t e s t s  were performed OT! a breadboard model of the  c i r c u i t  of 

Figure The quiescent current da ta  presented shows values of 
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4.5 m a  4.3 m a  

current  with both the f i l t e r  and networks energized. 

3.1.1 & d e s c e n t  Current 

30 2.3 

3.2 

Frequency Response 

Frequency response da ta  is presented i n  Figures 2 and 3. 

4 is  the r e su l t s  of a computer ana lys i s  of  the frequency response 

and Figure 5 shows a graphical  comparison of ac tua l  data  versus 

theo re t i ca l  predict ions,  

Figure 

Preamp, Detector, Fi l ter  and Networks 
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3.2.1 Quiescent Current 

( input  shorted,  no load)  

10.0 ma I 10.0 ma I 
302.2 

(input shorted,  1OK load)  

502.3 Gain - 
Data for gain from 4.8KC preamp input  t o  d.c. output across  10K 

load is presented i n  Fig. 6. Figure 7 i s  a graph of t h i s  data. 







3 ssue : Ori Iji nal 

3:it.c: lil October 1967 

FILTER FREQ~EWY RESPONSE 
7 0  O C  

1 

v P P  2. o v p p  
28 2 
2,2 
2.3 
2. 3 
2 . 3  

2. * 
2,4 

/ a  6 
, 9  
. 6  
035 
' 19 
8 033 

8 0 2 5  
' 020 
015 



I :-;sue : 

;)rite : 

Origi  no1 

16 October 1967 

MT-8252 

PriRe 7 

L 





1:jr:ue : O r i ~ i n r i l  HT-8252 

.. 

c'4 . c 



Issue : O r i g i n a l  



.’ To: Engineering File - MT-8253 Issue : Original 
From: B. Friedman Date: November 30, 1967 

INVESTIGATION OF V1102 
MICROCIRCUIT FAILURE IN 

CONJUNCTION YITH NAS 8-11916 

Prepared by : 

THE BENDIX CORPORATION 
NAVIGATION AND CONTROL DIVISION 

TETERBORO, NEW JERSEY 



I s s u e  : O r i g i n a l  
Date: November 30, 1967 

MT-8253 
Page 1 

ABSTRACT 

T h i s  report  c o n t a i n s  a d e s c r i p t i o n  of a mal func t ion  
discovered i n  a V 1 1 0 2  m i c r o c i r c u i t  p r e s e n t l y  be ing  
e v a l u a t e d  as part of NAS 8-11916. Also con ta ined  is a 
f a i l u r e  a n a l y s i s  performed on t h e  dev ice  and a recommenda- 
t i o n  for  closer vendor v i s u a l  i n s p e c t i o n  and improved 
c l e a n i n g  procedures  t o  i n s u r e  non-reoccurance of t h i s  

type  of f a i l u r e .  

1 .o INTRODUCTION 

T h i s  report is p resen ted  t o  describe a f a i l u r e  encountered  
i n  a i n t e g r a t e d  c i r c u i t  V1102. T h i s  p a r t i c u l a r  d e v i c e  
is used i n  t h e  t r i a n g l e  wave g e n e r a t o r  of t h e  micro- 
electronic s e r v o  loop be ing  e v a l u a t e d  under  NAS 8-11916, 
as shown i n  N/C p r i n t  X1849773. Any mal func t ion  i n  t h i s  

p a r t i c u l a r  dev ice  would r e s u l t  i n  a d e g r a d a t i o n  i n  t h e  

performance of t h e  e n t i r e  s y s t e m  and p o s s i b l y  a loss  of 
e n t i r e  loop o p e r a t i o n .  

2 . 0  CONCLUSION AND RECOMMENDATIONS 

A s  a r e s u l t  of t h e  f a i l u r e  a n a l y s i s  described i n  t h i s  

document it can  be concluded t h a t  the  presence  of a 
metall ic parti.de i n  t h e  deirice package can cause  t h e  
f a i l u r e  by s h o r t i n g  t w o  surface p o i n t s  on t h e  c h i p  and 
caus ing  e x c e s s i v e  c u r r e n t  t o  t h e  d e v i c e  and subsequent  
forward b i a s i n g  of t h e  i s o l a t i o n  diodes.  A f t e r  c o n f e r r i n g  
w i t h  t h e  manufac turer  it has been decided tha t  closer 
v i s u a l  i n s p e c t i o n  is r e q u i r e d  pr ior  t o  s e a l i n g  t h e  

d e v i c e ,  a long  w i t h  improved c l e a n i n g  procedures  and 
pe r sonne l  awareness .  
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3 .O DESCRIPTION 

3.1 EVIDENCE OF MALFUNCTION 

During t e s t i n g  of t h e  i n t e g r a t e d  c i r c u i t  P.W . M .  con f igu ra -  
t i o n  a n  o p e r a t i o n  d i sc repancy  i n  t h e  V1102 dev ice  was 
evidenced by a n o n l i n e a r i t y  i n  t h e  t r i a n g l e  wave, caus ing  
a r e s u l t a n t  n o n l i n e a r i t y  i n  P.W.M. characteristics, an  
e x c e s s i v e  d r i f t ,  and a dc l e v e l  on t h e  o u t p u t  of t h e  

t r i a n g l e  wave g e n e r a t o r .  

3.2 FAILURE ANALYSIS 

Comparison of t h e  d e v i c e  i n  q u e s t i o n  w i t h  a p r o p e r l y  
o p e r a t i n g  d e v i c e  y i e l d e d  t h e  r e s u l t s  p re sen ted  below i n  
Tabae 1 w i t h  p i n  numbers be ing  r e fe renced  t o  F i g u r e  1. 
The dc l e v e l  p r e s e n t  a t  p i n s  11 and 12 is i n d i c a t i v e  of 
a leakage c u r r e n t  f lowing t o  t h e  o u t p u t .  By s u b s t i t u t i n g  
an  e x t e r n a l  r e s i s t a n c e  from t h e  col lector  t o  t h e  SAT 
capacitor t h e  mal func t ion  w a s  removed. A t  t h i s  p d i n t  
i t  w a s  decided t o  remove t h e  cap from the  dev ice  and 
examine t h e  dev ice  under  a h igh  power scope. Photo 
micrographs are p resen ted  i n  F i g u r e s  2 and 3. Under 
enlargement  i t  is p o s s i b l e  t o  see ev idences  of e x c e s s i v e  
c u r r e n t  f l o w  and t h e  r e s u l t a n t  opening i n  t h e m e t a l l i z a t i n n  
between B+ and t h e  N t ype  tub.. Also v i s a b l e  is a 
conductor  s h o r t i n g  t h e  N type  t u b  t o  the  o u t p u t  pad.  From 
the  v i s a b l e  ev idence  i t  appea r s  t h a t  ametallic conductor  
p r e s e n t  before s e a l i n g ,  lodged i tself  i n  t h e  p o s i t i o n  
shown i n  t h e  pho tos .  R e f e r r i n g  t o  F igure  1 it can  be 

s e e n  t h a t  i f  a shor t  (such as shown i n  t h e  p i c t u r e s )  
was p laced  between t h e  N t y p e  tub and t h e  o u t p u t  pad, 
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p i n  1 2 ,  the o n l y  r e s i s t a n c e  between B-I- and ground would 
be t h e  dc r e s i s t a n c e  of t h e  e x t e r n a l  t r a n s f o r m e r .  T h i s  

would cause  t h e  heavy c u r r e n t  f low i n  evidence i n  t h e  

photos  and probably t h e  open i n  t h e m e t a l l i z a t i o n b e t w e e n  
B+ and t h e  N t y p e  t u b .  With t h i s  open c o n d i t i o n  and t h e  

short  between t h e  N t y p e  t u b  and t h e  o u t p u t ,  t h e  d i s t r i b u t -  
ed diodes associated w i t h  a I? t ype  resistor i n  a N t ype  

t u b  would be forward biased c r e a t i n g  a leakage path t o  
t h e  o u t p u t .  Meetings w i t h  t h e  manufac turer  a t  h i s  
f a c i l i t y  tend  t o  establish t h i s  as t h e  cause  of f a i l u r e .  
The vendor has concurred  w i t h  t h e  f i n d i n g s  of N/C and 
has a s s u r e d  t h a t  much closer v i s u a l  i n s p e c t i o n  would be 

carried o u t  on a l l  subsequent  orders .  The vendor has  
a lso promised t o  i n a t P u c t  personnel  of t h e  problem so 
tha t  their  i n s p e c t i o n  and c l e a n i n g  procedures  be improved. 
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HEAVY CURRENT AREA AND SHORTING CONDITION 
FIGURE 2 

67-9685 
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SHORT BETWEEN B+ PAD AND W TYPE TUB 
FIGURE 3 
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ABSTRACT 

T h i s  r e p o r t  describes t h e  test r e s u l t s  ob ta ined  on a 
I n t e g r a t e d  C i r c u i t  Pulse  Width Modulator be ing  e v a l u a t e d  
under  NAS 8-11916. Included is data ob ta ined  f o r  both 

room tempera ture  and 7OoC. 

1 .o SCOPE 

The t e s t i n g  described here ip  was under taken  i n  order t o  
de termine  t h e  performance of an I n t e g r a t e d  C i r c u i t  F W M  
and t o  a s c e r t a i n  its a b i l i t y  t o  perform s a t i s f a c t o r i l y  
its in tended  s e r v o  loop  f u n c t i o n .  

2 .o TEST CIRCUIT 

A 1 1  t e s t i n g  was performed on t h e  c i r c u i t  c o n f i g u r a t i o n  
shown i n  F igu re  1. A u n i t  was fabricated t o  t h e  assembly 
drawing shown i n  F igu re  2 .  A l l  data w a s  t aken  w i t h  a 
2 8 s 1  54 mh t o r q u e r  load.  

3 .O CTRCUIT PERFORMANCE 

The i n t e g r a t e d  c i r c u i t  PWM operated adequa te ly  as shown 
by t h e  data p resen ted  i n  t h i s  report .  However, there 
are c e r t a i n  r e s t r i c t i o n s  on c i r c u i t  performance which 
may not  be appa ren t  i n  t h e  da ta .  When t h e  c i r c u i t  is 
used  for  l o w  g a i n  a p l l i c a t i o n s , i e ,  t h e  SAT capacitor is 
e q u a l  t o  .056kf w i t h  a 28 ohm load r e s u l t i n g  i n  a g a i n  
of approximate ly  3.3, t he  t r i a n g l e  wave is not  l i n e a r  
a n d t h e r e  r e s u l t s  a g a i n  change when approaching s a t u r a -  
t i o n .  T h i s  g a i n  change is due t o  t h e  non- l inear  
widening of t h e  t r i a n g l e  wave n e a r  its midpoin t .  
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The higher  t h e  g a i n  of t h e  PWM, t h e  less e v i d e n t  t h i s  

problem becomes. T h i s  problem could  poss ib ly  be 

e l e v i a t e d  by a modified t r i a n g u l a r  wave g e n e r a t o r .  

4 .O TEST RESULTS 

4 . 1  G A I N  

The amount of g a i n  was determined fo r  t w o  C v a l u e s .  
For a c a p a c i t o r  va lue  of .OS6 pf t h e  g a i n  was found t o  
be approximately 3.3 A/V, however, t h e  n o n - l i n e a r i t y  of 
t h e  t r i a n g l e  wave was found t o  be very  great a t  t h i s  

s e t t i n g .  With t h e  g a i n  capacitor v a l u e  of .12pf t h e  g a i n  
was 10 A/V and t h e  t r i a n g u l a r  wave became more l i n e a r ,  

g 

= 118ma 
7 lN1 

E 

= 250ma 
7 - l N 2  = *Omv 

E 

G 
'OUTZ - 'OUTl 

- E  E 
lN1 l N 2  

132 
-40 3.3 A/V 
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4.2 NULL 

With  t h e  i n p u t  shorted a r ead ing  of ,06 ma was recorded 
for t h e  load c u r r e n t  a t  25OC. 
e l e v a t e d  t o  7OoC t h e  n u l l  remained t h e  same. 

With t h e  tempera ture  

IL 25OC 

.06 m a  

I,, 7OoC 

,06 m a  

4.3 QUIESCENT CURRENT 

Quiescent  c u r r e n t  v a l u e s  for  two t empera tu res  are 
p resen ted  below. 

B i a s  Supply Io 25OC 
(ElN 0) 

Io 7OoC 

+28 VDC 19 m a  20 m a  
-15 VDC 2.9 m a  3 ma 
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4.4 DEADZONE AND LINEARITY 

T h i s  test w a s  performed u s i n g  a 28 ohm 54 mh t o r q u e r  
l o a d .  T e s t  d a t a  is p resen ted  i n  Table 1 and r e s u l t s  
are shown g r a p h i c a l l y  i n  F igu res  1 and 2 .  

From these f i g u r e s  it should  be noted t h a t  even though 
t h e r e  w a s  no t  apparent  change i n  n u l l ,  there w a s  a 
marked i n c r e a s e  i n  deadzone c h a r a c t e r i s t i c s  accompanied 
by a n  o f f s e t  t o  t h e  p o s i t i v e  s ide.  

4.5 G A I N  VS. POWER SUPPLY VARIATION 

The d a t a  f o r  t h i s  t es t  is p resen ted  i n  Table 2 .  A g r a p h i c  
r e p r e s e n t a t i o n  of t h i s  table  f o r  t h e  25OC tes t  is shown 
i n  F igure  3 .  

5.0 CONCLUSION 

From t h e  test r e s u l t s  p re sen ted  i n  t h i s  r e p o r t ,  i t  can 
be concluded t h a t  t h i s  c i r c u i t  w i l l  adequate ly  perform 
i ts  in t ended  loop  r equ i r emen t s .  I t  is recommended t h a t  t h e  

l i n e a r i t y  of t h e  t r i a n g l e  wave g e n e r a t o r  be f u r t h e r  
i n v e s t i g a t e d ,  for t h i s  d e t e r m i n e s  t h e  c i r c u i t  l i n e a r i t y .  

During test  of t h i s  PWM, two of t h e  custom m i c r o e l e c t r o n i c  
d e v i c e s  were found t o  be d e f e c t i v e .  MT-8253 p r e s e n t s  
an  i n v e s t i g a t i o n  of t h e  d e f e c t i v e  V1102 c h i p ,  and a la te r  
r e p o r t  w i l l  d e s c r i b e  t h e  V l l O l  c h i p .  



Issue : Original 
Date: January 11 ,  1968 

MT-8254 
Page 5 



Issue : Original MT-8254 



Issue : Original MT-8254 



Issue: Original  
Date: January 11, 1968 

MT-8254 
Page 8 

25 2 

7 0  

O 

s 
/ a  
2 0  
.q 0 
50 
3 0  
-6 
-/o 
- 2 0  
-3 0 
-5'0 

-LiuL- 

* 1 0  
. /o 
2 7  

1 3 3  
2 3-5- 
440 
7 7 4  

- 3 2  
- /oo 
- 2 / 6  
-320 
-S6X 

70 - 



Issue : Ottiginal MT-8254 



. .  . .  . . . . . . . .  . . . .  . .  -. . : 
. .  

: . .# 
-¶%9@L ' .' , . 

.. 
.a i  , 

. .  
: * .!,. , 

. .  . .  
. - I  

. .  

. : .  

' .  . .... 1 . . . ,  * * ' 9 '  
- 1  . . .  . *  

e .  

, I . ' .  

' 'I. 

. .  . .  
L * *  

* * . .  
t .  .' 

. *  

* .. 

. . . . . .  .. . .  . . . . . .  , . -. 
~ . .: . 

. .: . .  I .  
1 .  * . 

I 
f 

i 

! 



. .  
L .. 0 

4 

. .  . . .  
( I . .  . . .  . -  . .  . -  

. .  
I .  

. .  

. . .  
. . - .  
.. 

.D i 

a. . =. . *  J .; 
. e .. . . '  .. 

. . .  . .  .. . .  . .  
.. ' .  . \ 

I 
t 

. . . .  

0 I 
' ! .  . .  . .  . .  , *  . .  . *  

. ., . .  .. .. 
v : . .  . .  : .  ' . . .  . * . . 
-. . .  . . .  . . .  * .  

* _  % . . .  
I. . 

-. 

. . I  

. . '  
, .  : :  

. .  . *  
. '  . 

e . I  . . .  . .  * . .  
. .  . .  

. .  
. *  

. . , /  
. . .  

't. -, 
I . .  

... . ' 1  L i . *  

. -  
. .  

.. . .  
6.. . . .  

. . . .  
' .  

. .  e .  . .  
. . . .  . .  . .  

... 
. . . .  

a : 0 

. a -  

. .  
... ..,;:, . . .  , . . . . .  . . .  : . . .  

--.e . 
* *  

. ._ e 

. . . . . . . .  
* .  

. . . . . .  
* ' .  :.. ;. - . a .  

. .  n .  



To: Engineer ing  F i l e  - MT-8255 I s s u e :  O r i g i n a l  
From: B. Friedman Date: January 1 9 ,  1968 

INVESTIGATION OF ADDITIONAL 
MICROCIRCUIT FAILURES IN 

CONJUNCTION WITH NAS 8-11916 

- 7  -9 /. c",< ' 

B .  Friedman 
Prepared b y :  /5' - 0 6  

THE BENDIX CORPORATION 
NAVIGATION AND CONTROL DIVISION 

TETERBORQ, NEW JERSEY 



I s s u e  : O r i g i n a l  
Date: January 1 9 ,  1968 

MT-8255 
Page 1 

ABSTRACT 

Contained i n  t h i s  r e p o r t  is a d e s c r i p t i o n  of t w o  improperly 
func t ion ing  m i c r o c i r c u i t s  being eva lua ted  as  p a r t  of 
NAS 8-11916. Also conta ined  are f a i l u r e  a n a l y s i s  
performed on t h e s e  d e v i c e s  which  tend t o  e s t a b l i s h  t h a t  

b o t h  m i c r o c i r c u i t s  were d e f e c t i v e  due t o  manufacture 
and vendor i n s p e c t i o n  shortcomings.  

1 . 0  INTRODUCTION 

The purpose of t h i s  r e p o r t  is t o  a s c e r t a i n  t h e  probable  
cause of  f a i l u r e  of two custom microelectronic 
d e v i c e s  being e v a l u a t e d  f o r  a p p l i c a t i o n  under  NAS 8-11916. 
The t w o  m i c r o c i r c u i t s  concerned are 1) V l l O l  (used i n  
t h e  mixing stage of t h e  i n t e g r a t e d  c i r c u i t  P.W.M.) 
and 2 )  V1102 ( t h e  t r i a n g l e  wave g e n e r a t o r  a lso used i n  
t h e  P.W.M.). 

2 . 0  CONCLUSIONS AND RECOMMENDATIONS 

From t h e  evidence presented  i n  t h i s  r e p o r t  i t  can be 

concluded t h a t  bo th  dev ices  were d e f e c t i v e  when sh ipped  
by t h e  manufac turer .  The mal func t ion  of t h e  V l l O l  w a s  
due t c  improper handl ing  of t h e  c h i p  du r ing  manufacture 
evidenced by t h e  scratched m e t a l i z a t i o n .  The V1102 
f a i l u r e  can be a t t r i b u t e d  t o  improper process  c o n t r o l  
by t h e  manufacturer  r e s u l t i n g  i n  subsequent  breakdown 
and leakage .  Although both of these f a i l u r e s  and t h e  

f a i l u r e  r e p o r t e d  i n  MT-8253 were manufacturing problems, 
i t  should be noted t h a t  t h e  manufacturer  has s ta ted  t h a t  

any of these d e v i c e s  "previous ly  shipped or p r e s e n t l y  
i n  s t o c k  were manufactured as  p ro to types  under eng inee r ing  
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l a b o r a t o r y  c o n d i t i o n s  and w i t h  no i n t e n t  t o  impose process, 
i n s p e c t i o n  or normal  manufactur ing c o n t r o l s .  S e c o n d l y ,  
tnese d e v i c e s  have n o t  been s u b j e c t e d  t 9  s imula ted  
parameter  t e s t i n g  t h a t  would be exper ienced  i n  t h e  u s i n g  
s y s t e m .  -0- t h e  p r o b a b i l i t y  f o r  t h i s  happening a g a i n  is  
r e l a t i v e l y  h i g h  s i n c e  t h e s e  are p a r t i a l l y  tested proto- 

14 t y p e s  

3 .O V l l O l  FAILURE 

During a check of t h e  r e s i s t o r  v a l u e s  on V l l O l  S/N 23 
i t  was found t h a t  measurements between p i n s  7 and 1 d i d  

no t  e x h i b i t  a diode c h a r a c t e r i s t i c  when p i n  1 w a s  a t  a 
h ighe r  p o t e n t i a l  t han  p i n  7 ,  These measurements i n d i c a t e d  
a base t o  emitter s h a r t .  'Further t e s t i n g  of t h e  c h i p  
tended t o  s t r e n g t h e n  t h e  p r o b a b i l i t y  t ha t  a base t o  
emitter sho r t  w a s  i n  e x i s t e n q e .  After  opening t h e  case 
t h e  c h i p  s u r f a c e  w a s  examined under a h igh  power micro- 
scope. I t  w a s  seen  t h a t  t h e  e n t i r e  s u r f a c e  of t h e  dev ice  
had been s c r a t c h e d  and t h e  base emitter j u n c t i o n  i n  

q u e s t i o n  was p h y s i c a l l y  s h o r t e d  by scratched m e t a l l i z a t i o n .  
Photomicrographs showing t h e s e  c o n d i t i o n s  are p r e s e n t e e  
i n  F igure  2. 

4 . 0  V1102 FAILURE 

The mgcroe lec t ronic  V1102 device  passed a l l  d .c .  resistance 
tests, however, when t h e  u n i t  was placed i n  t h e  c i r c u i t  
o p e r a t i n g  ma l func t ions  were expe r i enced .  Table  1 p r e s e n t s  
a p i n  for p i n  comparison of t h e  v o l t a g e  waveshapes 
exper ienced  on t h e  d e f e c t i v e  S/N 35 c h i p  and a p rope r ly  
Operat ing dev ice  S/N 38. From t h i s  d q t a  i t  can be seen  
t h a t  a d . c .  l e v e l  e x i s t s  a t  p i n  11, a lso  apparent  is t h e  
d i s t o r t i o n  i n  t h e  t r i a n g l e  wave a t  p i n  11. Figure  3 
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shows t h e  c i r c u i t  used t o  o b t a i n  t h i s  da ta .  Opening 
tho  m i c r o c i r c u i t  package and i n s p e c t i n g  t h e  d e v i c e  under 
h i g h  magn i f i ca t ion  r e v e a l e d  no evidence  of s u r f a c e  
i r r e g u l a r i t i e s .  However, i t  was found t h a t  a decrease 
i n  t h e  B+ voltage belaw 18.5 v o l t s  removed t h e  d . c .  

level on p i n  11. T h i s  fact  i n d i c a t e d  a breakdown was 

oacur ing  i n  t h e  d e v i c e .  By i n s e r t i n g  t h e  dev ice  i n  a 
curve  tracer w i t h  pie 1 aonnected t o  t h e  c o l l e c t o r  
terminal and p i n  11 connected t o  t h e  emitter connec t ion  
t h e  v o l t a g e  v e r s u s  c u r r e n t  chgracterist ic p resen ted  i n  
F igure  4 was o b t a i n e d .  From t h i s  f i g u r e  i t  can  be 

seen  t h a t  a breakdown does occur  a t  apprwimate ly  18.5 
v o l t s ,  Even though i t  is imposs ib le  t o  prove where t h i s  

breakdown is occur ing  a x a c t l y ,  frgm t h e  data it  is 
reasonab le  t o  assume a d iode  breakdown between t h e  N 
t u b  and t h e  r e s i s t o r  r eg ion  associated w i t h  t h e  6K 

on p in  11. 
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